and Beach Erosion

OBJECTIVES:

& To understand the characteristics of wind waves
as they move from deep water to shallow water,

® To discover what causes waves to peak and break
as surf and how they generate longshore currents
and dangerous rip currents,

& To investigate the dynamics of sand, beach drifi-
ing, and beach erasion.

"0 Exercise 11 we' discussed the origin and na-

watch the surf, and

tection of the land against the sea. If we do not
manage this resource wisely, the contest between
human ingenuity and the ocean’s relentless pound-
ing will be won- by the sea. Beaches along -both
coasts of the United States have been détgriorating
badly in the course of the past few decades, and in
some places they haye completely disappeared.
Where this occurs, valuable recreational land is lost
. and coastal-zone property endangered.

Shallow-Water Waves
Shallow—watg_‘r'__WéVes are defined as those ‘t'hat'_aré'

traveling in water whose depth is half the wave-

‘ture of deep-water waves in the ‘open ocean,
_When these waves move irto shallow water and -
strike the shoreline a transformation takes place, ™
roducing breakers, or surf, which can’create or -
estroybeaches. Whereas most. of s - regard 4
beach as‘d Place of recredtion where we can relax,
atch t ind get a tan, geologists and - 8i-- iravelir
neers recognize beaches as the Jast Tampart of pro-  fyee ats
tic ! “length of  wave is proportional to the square of -

Cods greater than 80, seconds are shallow-water :

”tsui_ia;n;,is,r or so-called tidal 'WaVes_,_ Tsunamis are ©
long-period sta_waves . produced by submérine ¢

Exercise

Waves in Shallow Water

length or less. Recall that the water motion in a
deep-water’ wave is circular and that the diameter
of the ofbits_'dgcreaSes downward until, at a depth
equal to about half the wavelength, water motion
ceases. However, when a wave moves into shallow
water, a drastic change takes Place. The orbits of
‘water- particles at depth become flattened, -and
those in contact with the sea floor simply move
back and forth (Figure 12-1). The wave is said to
“feel the bottom” and, as a result, the wave velocity
and length decrease, and the wave form steepens
until it becomes Anstable and -spills-against the
shoteline as bhre kers, or surf. At this point.the os-

the water particles cease and the water
0 one direction, toward the beach,
s.this transformation from swell ;*
> surf. Whether a wave is i
shallow-wate on¢ or niot depends on |
asin within which it i ;

- Figure 12-3 shows the relationship be-
ave petiod and water depth. Because the

s &
period, the diagram also shows the relationship be-
tween wavelength and depth of water. We see that
very short-period waves, such as ripples, are deep-
water waves even in relatively shallow water. Sea
and swell are also deep-water waves in water from
about 100 to 1000 feet deep. However, in water
shallower than 100 feet, sea and swell become shal-
l_Qw~Wat¢r waves. In the deep ocean, with an aver-

age depth of about 15,000 feet, all waves with peri- ¢

waves. In this category, we find the tides and !

earthquakes, volcanic eruptions, or landslides




ear the coast, they slow
smaller. The diagram
The Evolving Coast,

Figure 12-1 When waves approach a shallow botiom n
and steepen, and the circular orbits flatten and become
shows considerable yerti.cal displacement. [After R. A. Davis, Jr.,
Scientific American Library, W. H.-Freeman and Company. Copyright ® 1997.]

LA

Dep

th e'qu‘a.ls one half wavelength

hallower -

ach when swell moves info water s
aises wave height and decreases length.
ater supply is reduced, and the parti-.
heir cycles; the wave forms and
just the wave form, move far-
s "swash,” or uprush. [After
fne. All . r'ig'h'ts

“Figure 12-2 (1) A waye breas up at the be
than half the wavelength. (2) The shallow bottom r
(3) At a water depth of 1.3 times the wave height, w
cles of water in the crest have no room to complete t
brazks. (4) A foarn line forms and water particles, instead of
ward. (5) The low remaining wave runs up on ine beach face a
W. Bascom, “Ocean Waves." Copyright © 1959 by Scienfific American,

reserved.]
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_ _'Company, New York, 1964.]

They_ ma’y travel unno‘uced across the ocean for

thousan_ds of ‘miles from their point of origin and
build up to great helghts over shallow water, -
' 12-1 shows the reIatlonshlp between se-

-at Wthh wave feels bottom

ted periods, the calculated wavelength and -
wave' eloc1ty, and the water depth at Wh1ch the -

The elationships between selected wave penods,
calculated waveiengths and velocmes, and water depths

FIgUI'E 12-3 Wave eharactenstics [After w, Bascem, Waves and Beaches. Doubleday and

'Wave feels the’ bottom or becomes a shallow—water
wave, Note that wind-generated waves Wlth pen»«
ods greater than 14 seconds are capable of 1 movmg

: -sediment at depths as great as the edge of the con-

'tlnentai shelf. Most wind waves have perlods be- :
tween 5 and 25 seconds.

3 B SRS Approxnnate
'“-Wa'v'é velocity
permd : Wavelength* (mles per Water depthi
(seconds) “(feet) hour) (feet)
6 184 21 92
8 326 28 163
10 V) 35 256
12 738 - 42 ' 369
14 1000 49 © 500
16 _ 1310 56 655

*Length is equivalent to 5.12 times the wave period squared.

TDepth is equivalent to half the wavelength.
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Wave Refraction

Shallow-water waves are subject to refraction over
humps or depressions of the sea floor, and to re-
flection from seawalls or breakwaters. Refraction
occurs when a wave moves into shallow water at
some angle other than parallel to the shoreline.
The part of the wave crest in the shallowest water is
slowed the most, whereas the part of the wave in
deeper water moves forward at a higher velocity.
The result is a bending of the wave crest and a con-
centration or dissipation of energy at the shoreline.
An example of a refraction pattern at sea is shown
in PFigure 12-4. We can determine the relative
amount of concentration or dissipation of wave
energy by drawing lines perpendicular to the wave
crests, known as orthogonals, on a diffraction dia-
gram, The wave’s energy, or its ability to do work
on a shoreline, is the same between orthogonals
_ drawn at equally spaced intervals along the wave

1966.]

Figure 12-4 Wave refraction associated with a small rocky island 1 mile north of Prouts
Meck, Maine. [From John Snetton, Geology Mustrated. W. H. Fresrnan and Company, Copyright @

Waves in Shallow Water and Beach Erosion

crest. By tracing the orthogonals shoreward on the
crests of successive waves of selected periods or
lengths, we can determine how wave energy is con-
centrated or dissipated at the surf zone (Figure 12-
5). The wave energy coefficient, ¢, which is the rel-
ative amount of concentration or dissipation of
energy, may be calculated by simply dividing the
distance between two orthogonals at the shoreline
by the distance between the same two orthogonals
in deep water. When waves are focused by wave re-
fraction on a point, as in Figure 12-5, the distance
between adjacent wave orthogonals at the shore
decreases and e becomes less than 1. In contrast,
when wave energy is dissipated, as along the beach
in Figure 12-5, the distance between adjacent wave
orthogonals at the shore becomes greater, resulting
in e greater than 1. Tracing wave orthogonals
shoreward thus provides an estimate of the relative

energy expended on equivalent lengths of the

shoreline. Low-energy shorelines have e > 1 and
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e

FIgHI‘E 12-5 This wave refraction diagram shows how the energy of the wave front.
is concentrated by refraction around the small headland area. The same amount of
1 : B energy enters the bay, but is spread at the beach over wide areas. The horizontal

o ' lines are wave fronts; the vertica! lines (orthogonais) divide the energy into equal
units for purposes of investigation. Such studies are vita! preliminaries to design of -t
shoreline structures. {From R. A. Bavis, Jr., The Evalving Coast, Scientific Amerlcan Library, o : l
W. H. Freeman and Company. Copyright © 1997.1 N

v

Figure 12-6 Longshore currents flowing paraliel to the beach are formed when waves
approach the beach face at an angle. Incoming waves carry sand grains up the beach face
at an angle, but backwash from the wave refurns the grains directly down the face to the
surf zone. This alternating motion causes the zig-zag pattern seen in the figure, and results
in movement of sand along the beach face by the wave-generated longshore current. [After
W. Bascom, “Beaches.” Copyright ©® 1960 by Scientific American, Inc. All rights reserved.]
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Figure 12-7 Grains, which are dams of wood, stone, of concrete, are built perpendicular
to a beach to trap sand. The groins in this photograph are on the Atlantic Ceast at Point
Lookout on Long Island. What is the direction of iongshore current here? [From W. Bascom,
“Beaches.” Scientific American. Copyright © 1960, volumne 203, Number 2, p. ap, All rights re-
served.]

are usually depositional, with a sandy beach. On
the other hand, high-energy shorelines having
¢ < 1 are erosional and may have 2 gravel (shingle)
beach, or a sea cliff and no beach.

The height of a breaker is approximately
equivalent to 0.78 of its depth. Thus we would pre-
dict that a breaker 7.8 feet high would occur in wa-
ter 10 feet deep, provided that swell of sufficiently
long period were approaching the shoreline. This
type of approximation is important in determining
the height that piers should be built above mean
high water or some other datum. Obviously fishing
or commercial activity from a piex 15 feet high
would be impeded if the pier were exposed to 18-
foot waves (water depth about 23 feet).

Longshore Currents and Littoral
Drift

As a rule, waves approach the shoreline at an angle
and are refracted; however, because refraction is
usually incomplete, the waves strike the shore at a
slight angle. Consequently some of the water is
transported parallel to the beach and a weak long
shore current (which flows parallel to the shore) is
created (Figure 12-6). The current is like a river on
land, and is capable of moving sand along the
beach, a process known as beach drifiing. The earth
material moved along the beach by the longshore
current is known as littoral drift. When an ob-
struction, such as a groin or jetty is placed in the
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FIC’UI'E 12-8 Rip currents in the breaker zone near Carpintaria, California, in
February 1969. Two pulses of flow can be seen: an earlier jet is seaward and
deeper then the active jet. Each pulse is probably the product of a series of
breakers. The older pulse is the result of rip generated a few minutes earlier.

[Donn Gersline)

path of the current, a buildup, or accretion, of lit-
toral drift results on the upstream side and erosion
‘occurs on the downstream side (Figure 12-7). The
extent of this accretion and erosion depends on the
ve10c1ty and persistence of the current and the sup-

ply of sand. Also, like a river, the longshore stream__"
may overflow. If we view the banks of the river-as
the beach and the surf zone, we realize that asgwa-
ter builds up in the longshore current, it must
eventually “overflow” and return seaward. Tt does




' Figure 12-9 Diagram of the nearshore CUfTe
Coast, Scientific Amel

so in the form of rip currents, improperly called
rip tides, which can pos¢ & formidable hazard to
swimmers wheén the waves are high. They can be

identified by the presence of a gap in the wave

forms of the breakers, white foamy water extending
lence of the surf zone

seaward beyond the turbu

and streaks of sediment or floating objects moving
seaward in the rip (Figure 12-8). A diagram of the
nearshore system of circulation and currents is
shown in Figure 12-9.

The longshore current, U
verse its direction as a cOnse
‘wave approaches, but it never stops flowing. Thus,
where the supply of sand to a given point along the
beach is less than the amount removed by long-
shore currents, erosion and loss of beach ensue.
Although beach erosion may result from natural
causes-—such as drought, which decreases sand
supply from Civers—-coastal engineering works are

more often directly responsible.

nlike a river, may re-
quence of differing

nt system. [From R. A. Davis, Jr.,
Company. Copyright © 1997.]

rican Library, W. . Freeman anc

geaward for some distan
littoral drift. But short

Waves in Shallow Water and Beac

The Evolving .

derable height that extend
ce are effective barriers to
groins are usually con-

structed for shoreline stabilization and only tem-

porarily disrupt the longshore transport of sand
(see Figures 12-10 and 12-11. Table 12-2 indicates
the magnitude of the problem in southern
California. Keep in mind that for every cubic yard
of sand trapped or stored by a groin or breakwater,
the beaches that are downcurrent are deprived of
an equivalent amount, and the loss of beach width
by erosion inevitably occurs. The same problem is
also prevalent in the Great Lakes and along the
Fast and Gulf coasts of the United States. The fig-
ures shown for accretion are even more striking
when we consider that a cubic yard is rotghly
equivalent to 1 square foot of beach. That is, if
100,000 cubic yards of sand are lost, this yolume 15

alent to beach retreat of about 1 foot-along 2
en that if loss of

Structures of consi

equiv
Jength of 100 feet. It may be se
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Figure 12-10 Breakwater at Santa Barbara, California, causes sand transported by ™
longshore currents to be deposited as a sandbar in the lee of the breakwater. Sand must be
periodicaliy dredged from the harbor to beaches farther east (top of the photograph). {From
W. Bascom, “Beaches.” Scientific American. Copyright © 1960, Volume 203, Number 2, p. 90}

sand continues for many years it can seriously di-
minish a recreational area. Finally, repair of the

* damage is costly.

Barrier beaches, also known as offshore bars,
ring the entire East and Gulf coasts of the United
States from New York to the tip of Florida to
Padre Island, Texas. Atlantic City, New Jersey,
Kitty Hawk, North Carolina, and Miami Beach,
Florida are all examples of barrier beaches that
are subject to inundation and extreme erosion
during tropical storms and hurricanes (see
Exercise 13). Miami Beach spent $10 million in
the 1980s to dredge sand from offshore and place
it along approximately 10 miles of city beach
front. This replenished beach was washed back

into deeper water by winter storm waves in just 3
years. An outstanding example of extreme ero-
sion and loss of habitat is Hog Island, Virginia
(Figure 12-12). In the late 1800s it was the site of
lavish fishing and hunting clubs and was covered
by a pine forest. A hurricane in 1933 inundated
the island and destroyed the forest and town,
which is now under water hundreds of meters
from shore.

The mnatural transport of longshore drift is
shown dramatically in three photographs of Sand
Beach, New Jersey, taken over a period of 23 years
(Figure 12-13a, b, and ¢). Note the growth of the
spit within that period of time and the direction of
the longshore current.




Waves in Shallow Water and Beach Erosion

Figure 12-11 This breakwater at Sama Maonica, California, runs parailel o the shore- '
line. Note the accumulation of sand behind the breakwater, [From W. Bascom, “Beaches.”
Seientific American. Copyright @ 1960, Volume 203, Nurmber 2, p. 856. All rights resarved.] )

Rates of littoral drift and accretion at shoreline
structures for selected southern California localities

Accretion rate
Location - (10° cubic yards per year)

Santa Barbara breakwater (Figure 12-10) 280
Santa Monica breakwater (Figure 12-11) 259
Redondo Beach 30
Anaheim Bay jetties 175
Balboa Bay jetty 72
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Figtire 12-13 The natural transport of longshore drift
over a 23-year period at Sandy Beach, New Jersey (des-
ignated by the cross in all photos). (a) 1940: The first
stage in the development of a spit; the iongshore current
runs toward the north. (b) 1957: The spit extends with
fime in the direction of longshore transport of sediment.

(c) 1963: The spit joins the tand and the recurved spit

grows around the tip. Also note that the main spit has
soreened the shore from wave action. [From C. S. Denny et
al., A Descriptive Catalog of Sefected Aerial Photographs of
Geologic Features in the United States. U.S. Geological Survey
Professional Paper 59C, 1568}
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Exercise 12

DEFINITIONS

Littoral drift. The transport of sand, gravel, and
other materials along the beach face by longshore
(or littoral) currents.

Longshore (littoral) current. A current running
parallel to the beach and generated by waves strik-
ing the shoreline at an angle.

Orthogonal. A line drawn perpendicular to wave
crests so that refraction or bending can be visual-
ized more clearly.

Reflection. The process by which the energy of
wave is a returned seaward.

Refraction. The process by which the direction of
a wave moving in shallow water at an angle to the
bottom contours is changed. The part of the wave

133

moving shoreward in shallower water travels more
slowly than that portion in deeper water, causing
the wave to turn or bend to become parallel to the
contours.

Rip current. A current flowing seaward from the
shore through gaps in the surf zone. The strength
of the current is proportional to the height of the
breakers striking the shoreline.

Surf zone. The nearshore zone along which the
waves become breakers as they approach the shore.

Wave energy coefficient (e). Cailculated as fol-
lows:

width of orthogonals at shore

width of orthogonals in deep water
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NAME

Waves in Shallow
Water and BQGCh o INSTRUCTOR
Erosion

Refer to the appropriate figures in the text of this exercise to answer questions 1--4.

1. What is the direction of the longshore current and beach drifting in Figure 12-72 Answer in terms of left
and right sides of the photo. ‘

How did you determine this direction?

2. Examine Figure 12-10 and predict what will happen to'Santa Barbara Harbor and the beaches
downdrift if the harbor is not dredged and the sand moved downdrift of the pier.

3. Figure 12-14 depicfs the nearshore oceanographic conditions at Santa Monica Beach, _Cal@_for.ni__a'(see
also Figure 12-11). It should be noted that the pier is on widely spaced wooden pilings and has little

influence on wave energy,
(a) Why has_ sand buﬂt ot behind the breakwater?

(b) Indicate on the figure below the relative wave energy at points A—C. Use the terms high, low, and nil.

S
Breakwater

AR

Figure 12-14 Diagram of 2 breakwater and beach at Santa Monica, California. ™

135
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of the breakwater and wave direction shown in the figure, what condition

(c) Based upon the presence
predict at point C: deposition, erosion, oT O change?- _ — —————

of beach stability would you

deposition. How mighthfﬂis be expléinédl;;_

However, the beach appears stable without erosion or

mall rocky island at Prouts Neck, Maine

-4, Make a sketch of the wave refraction pattern around the s :
£ the island than at adjacent areas? -

(Figure 12-4). Why does the beach extend farther seaward o

A

5. Ref:er to the photos of Sandy Beach, New Jersey (Figure 12-13). (The right-hand side of the page is

oriented directly north-south). 5
(a) What is the direction of wave approach?
(b) What is the direction of longshore drift?
(c) If the scale of all three photos is identical (1 inch
between 1940 and 19572 :

— 2250 feet), how much has Sandy Beach grown’

(d) Between 1957 and 19632

6. Figure 12-15 shows wave-crest refraction shprgWard. The dashed line at poiﬁt Y rcyiﬁsents 4 proposed
breakwater, intended to complement the existing groin structure. Two wave orthogonals are sketched in
foryou. - ' i o 7 S SRS T T e T T
(a) Sketch in orthogonals beginning at points 1,2, 3, 4,and 5.
(b) Indicate along the shore in the diagram several places where you woul

d expect the sand beach to
become wider because of accretion, or t0 NArrow because of erosion. - - . IR
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Figure 12-15 wave refraction diagramn for gquestion
6. The numerals along the contour lines indicate watar
depths in meters. The wave energy coefficient, g, is 2.5
or more. Note the existing groin near pecint ¥, znd the
dashed line indicating a proposed breakwater to be con-

structed next to the groin.

(c) What is the expected breaker height (in meters) at point X?

(d) Where would the best board surfing be found (biggest waves)?

(e) Where would the safest bathing beach be found?

(f) Sketch in the predicted wave refraction pattern over the submarine canyor.

What would be the expected direction of longshore currents north of the canyon, that is, between th:
head of the canyon and the groin structure near point Y? :

(g) How would the longshore current affect the proposed breakwater at point Y?

7. Refer to Figure 12-12, Hog Island. How much did the shoreline retreat between t
in 1871 and that of 19632 miles, kilometers,




